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Two VASA C c n t e r  concepts  f o r  t e s t i n g  v e r t i c a l  pro- 
p a q a t i o n  c h a r a c t e r i s t i c s  of t h e  atmosphere a t  laser f r e q u e n c i e s  
were p r e s e n t e d  a t  a meet ing a t t e n d e d  by t h e  a u t h o r s .  One, 
by P a r s h a l l  Space F l i g h t  C e n t e r ,  c e n t e r s  on an  a i r p l a n e  
i n s t r u z e n t  p l a t f o r m ;  t h e  o t h e r ,  by Goddard Space F l i g h t  
C e n t e r ,  u t i l i z e s  b a l l o o n s .  The a i r p l a n e  o f f e r s  h e a v i e r  
a i r b o r n e  payloads  an6 t h e  p o s s i b i l i t y  of f u r t h e r  e x p e r i r c n t s  
a t  1-niriinum r e c u r r i n q  c o s t s .  The b a l l o o n s  o f f e r  more s t a b l e  
p a t h s ,  complete  p r o f i l e  measurements ,  and l o n g e r  o b s e r v a t i o n  
t i m e s ,  b u t  no a i r b o r n e  l a s e r .  The t i n e  schedu les  and c o s t s  
a r e  s i n i l a r .  T h e  concep t s  a r e  d i r e c t e d  toward g a i n i n q  an 
unde r s t and inu  of t h e  b a s i c  processes of a tmospher ic  propa-  
g a t i o n  and f u r t h e r i n g  t h e  p r o s p e c t s  f o r  s u c c e s s f u l  laser 
conmunicat ions between Ea r th  and space .  

The p rev ious  expe r i ence  of Goddard Space F l i g h t  
Cen te r  i n  s t u d y i n g  a tmospher ic  e f f e c t s  i s  a l s o  reviewed. 
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The p o s s i b l e  a p p l i c a t i o n  of l a s e r s  t o  h i g h  d a t a  r a t e  
corrmunications i s  be ing  widely s t u d i e d .  For  space  co rmun ica t ion ,  
d i r e c t  l a s e r  l i n k s  between space  v e h i c l e s  and earth s t a t i o n s  
a r e  among t h e  p r i n c i p a l  modes under  c o n s i d e r a t i o n .  T e s t s  of 
v a r y i n g  complexi ty  have a l r e a d y  been p e r f o r r e d  between e a r t h  
base2  lasers and e a r t h  o r b i t i n g  s a t e l l i t e s  ( e . g . ,  GEOS 11, 
n e a r  e a r t h ,  and Surveyor ,  on t h e  moon).  A space  borne  C 0 2  

laser exper iment  i s  planned f o r  ATS-F ( 1 3 7 2 ) .  I t  
w i l l  c o n s i s t  of a communications e v a l u a t i o n  by Goddard Space 
F l i q h t  Cen te r  and meteorology s t u d i e s  by B e l l  Telephone 

L a b o r a t o r i e s .  
t o  d e f i n e  an  O p t i c a l  Technology Experiments  Systerr, which would 
p rov ide  f o r  t n e  j o i n t  development of bo th  a s t ronomica l  
t e l e s c o p e  and o p t i c a l  cor,munication t e c h n o l o g i e s  a r e  be ing  
fo l lowed up by s e p a r a t e  contracts i n  each of t h o s e  a r e a s .  The 
comiun ica t ion  a r e a  i n c l u d e s  a major ro le  f o r  a tmospher ic  
p r o p a g a t i o n  tes ts .  

C o n t r a c t u a l  e f f o r t s ,  r e p o r t e d  on e a r l i e r  ( 2 - 4 )  I 

T h i s  nemorandum r e p o r t s  on two proposed p ropaga t ion  
exper iments  p r e s e n t e d  f o r  review by MSFC/Chrysler and GSFC a t  
a meet ing a t  NASA Headquarters  on l larch 2 6 ,  1 9 6 9 .  The MSFC/ 
C h r y s l e r  team proposed a s y s t e m  u s i n q  an a i r p l a n e  borne laser 
and ground based d e t e c t o r  w h i l e  GSFC proposed a b a l l o o n  
borne  d e t e c t o r  f o r  a ground based l a s e r .  These  programs could  
be completed by t h e  summer of 1 9 7 1 ,  p r i o r  t o  t h e  ATS-F mis s ion .  

THE AI€?PLANE EXPERIMENT - 
I n  t h e  a i r p l a n e  concept ,  U2's, provided  by t h e  

A i r  Force, would c a r r y  a 500-800 l b  l a s e r / d e t e c t o r  system a t  
a l t i t u d e s  UF t o  7 0 , 0 0 0  f e e t *  ove r  ground s i tes  l o c a t e d  a t  
MSFC and, if d e s i r e d ,  GSFC o r  e l sewhere .  Parameters t o  
b e  measured are: p u l s e  d i s t o r t i o n ,  ampl i tude  and phase ,  

* There i s  good reason t o  b e l i e v e  t h a t  a lmost  a l l  
s t e l l a r  s c i n t i l l a t i o n  is caused by t u r b u l e n c e  below t h i s  a l t i -  
t u d e .  
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co!ierence d i a m e t e r ,  and f a r  f i e l d  p a t t e r n .  Exper imenta l  
o b s e r v a t i o n  t ine  would t o t a l  abou t  30 minutes  p e r  f l i g h t ;  
6 f l i q h t s  are  sugges t ed .  Follow-up exper iments  beyond t h e  
p r e s e n t  planned program would i n c l u d e  mult i -wavelength pro-  
paga t ion  and tes ts  of p r e c i s i o n  t r a c k i n g .  The exper iment  
system i s  d e p i c t e d  i n  t h e  fo l lowing  s k e t c h  and i t s  o p e r a t i o n  
i s  described? below. 
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I n  o p e r a t i o n  t h e  p l anes  a r e  t r a c k e d  by c,round based 
argon laser  beacons ,  guided by FPS-16 radars a t  nearby a i r  
f o r c e  b a s e s .  The onhoard t e l e s c o p e  forms an image of t h e  
a rgon  ground l a s e r  on t h e  image d i s s e c t o r .  The p o i n t  image 
i s  then  c e n t e r e 6  on t h e  d i s s e c t o r  by s e r v o  c o n t r o l  of t h e  
t w o - a x i s  m i r r o r .  Th i s  enab le s  t h e  p l a n e ' s  €!else laser  t o  
p o i n t  t o  w i t h i n  one arc n i n  of the ground s t a t i o n .  From an  
a l t i t u d e  of 7 0 , 0 0 0  f e e t ,  t5 is  would cause  an off  c e n t e r  d i s - -  
placement  of abou t  20  f e e t .  The beam from t h e  HeNe laser/  
t e l e s c o p e  combination h a s  a 5 arc  min (1 .5  m i l l i r a d i a n )  s p r e a d ,  
c a u s i n g  t h e  spot on t h e  ground t o  be  less t h a n  1 0 0  f ee t  i n  
d i a m e t e r  when t h e  p l a n e  i s  a t  7 0 , 0 0 0  f e e t .  ( D i f f r a c t i o n  l i m i t e d  
laser  performance w i t h  a n o n - d i s t o r t i n g  atmosphere would make 
t h i s  about  one f o o t ,  t o o  small f o r  t h e  p o i n t i n g  c a p a b i l i t y  of 
t h e  sys t em) .  

The p r i n c i p a l  problem w i t h  t h i s  system i s  t h a t  
f l u c t u a t i o n s  i n  beam i n t e n s i t y  due t o  t h e  1 0  arc  sec s h o r t  
t e r m  s t a b i l i t y  of t h e  p o i n t i n g  system may nask t h e  a tmospher ic  
effects  be inq  i n v e s t i g a t e d .  The fo l lowing  s k e t c h  i l l u s t r a t e s  
t h e  e x t e n t  of t h e  p o s s i b l e  f l u c t u a t i o n .  
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I = INCIDENT BEAM INTENSITY (NORMALIZED). IF  UNDISTURBED 
AND GAUSSIAN (APPROX. CORRECT) 

POSSIBLE LOCATION OF GROUND 
TRANSCEIVER DUE TO 1 ARC MIN 
AIMING ERROR 
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I t  i s  p r e f e r a b l e ,  of course,. t o  have t h e  beam c e n t e r  p o i n t e d  
c l o s e  enough t o  t h e  ground r e c e i v e r  s o  t h a t  f l u c t u a t i o n s  i n  
p o i n t i n g  keep u s  on t h e  r e l a t i v e l y  f l a t  peak of t h e  i n t e n s i t y  
c u r v e .  This  would be a t t a i n a b l e  w i t h  a more compl ica ted  system 
t h a n  proposed,  b u t  would increase t h e  program c o s t  from ?.$300K 
t o  %$360K. 

A c q u i s i t i o n  of t h e  a i r p l a n e  (and,  hence ,  t h e  qround 
s i t e )  w a s  thought  t o  be a p o s s i b l e  problem. I t  should  n o t  be 
t roublesome,  however, i f  t h e  r a d a r  and ground laser beacon are  
adequa te ly  synchronized .  The maximum s lewing  r a t e ,  due t o  an  
overhead p a s s ,  i s  on ly  0 .4  deg rees / sec .  To f u r t h e r  f a c i l i t a t e  
a c q u i s i t i o n ,  t h e  ground l a s e r  beacon can be beefed  up t o  pro-  
v i d e  a wider  beam, g r e a t e r  o u t p u t  power, or bo th .  T h i s  would 
be s i m p l e r  t h a n  a s i m i l a r  upgrading of t h e  a i r b o r n e  l aser ,  
because  of weight  and volume r e s t r i c t i o n s .  
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SOURCE OR DETECTOR 

Another p o s s i b l e  problem i s  t h a t  t h e  p l a n e ’ s  motion 
c a u s e s  t h e  l i n e  of  s i g h t  t o  c o n t i n u a l l y  change,  c r o s s i n g  
d i f f e r e n t  a tmospher ic  t u r b u l e n c e  p r o f i l e s  and ,  hence ,  p r o v i d i n g  
a modulat ion t h a t  would e x i s t  even i f  t h e r e  were no f l u c t u a t i o n  
i n  each  i n d i v i d u a l  p a t h .  
f o r  ( i n  t h e  s i g n a l  a n a l y s i s )  if it has  a c lear ,  d e t e r m i n a b l e  
c h a r a c t e r i s t i c  f r equency ,  as might  be  t h e  case i f  t h e  
t u r b u l e n c e  i n  a d j a c e n t  p a t h s  i s  s i m i l a r  and t h e  speed  of t h e  
p l a n e  i s  c o n s t a n t .  Boundary l a y e r  t u r b u l e n c e  a t  t h e  p l a n e  
i s  n o t  s e e n  as  a problem s i n c e  a i r  f low o v e r  t h e  b e l l y  s e c t i o n  
hous ing  t h e  exper iment  equipment i s  expec ted  t o  be  laminar  
(as determined from wind t u n n e l  t e s t s ) .  

This  modulat ion n i g h t  b e  compensated 

WHEN TURBULENCE IS CLOSER 
TO P1 THAN TO P2, 

DETECTOR OR SOURCE 

a1 i f5 

GSFC 3ACKGROlJiJD IN AT~IOSPHCRIC STUDIES - 
I 

Goddard Space F l i g h t  Cen te r  presented.  a d e s c r i p t i o n  
of t h e  fundamental  s t u d i e s  of a tmospher ic  e f f e c t s  which it 
h a s  conducted w i t h  tke GEOS I1 s a t e l l i t e .  
s t u d i e s  a lonq  w i t h  t h e  a u t h o r s ’  comments f o l l o w s .  

7 .  summary of t h e  

Nounted on t h e  G E E  I1 s a t e l l i t e  i s  a d e t e c t o r  
(no  laser) f o r  ineasuring t h e  c h a r a c t e r i s t i c s  of t h e  i n c i 6 e n t  

bean  from a ground based arqon l a se r ,  and a microwave t r a n s -  
m i t t e r  f o r  r e l a y i n g  back t h e  r e s u l t s .  
t h i s  t e s t i n g  are  t h a t  “upgoing and downgoing s c i n t i l l a t i o n  i s  
t h e  same if you have s p h e r i c a l  sou rces  and p o i n t  C e t e c t o r s . ”  
T h i s  w a s  n o t  e l a b o r a t e d  on and i t s  r e l e v a n c e  i s  n o t  c lear  t o  
t h e  wri ters .  S c i n t i l l a t i o n  h a s  many a s p e c t s  ( p u l s a t i o n ,  
Gancing, c t c . ) ,  and i n  p r a c t i c e  w e  would b e  Zea l ing  w i t h  
extended d e t e c t o r s  ( l a r g e  t e l e s c o p e s )  ar,d extended i n c i d e n t  
p l a n e  waves ( s ta r  l i g h t  and, i n  t h e  f u t u r e ,  l i g h t  from 
remote l a s e r s ) .  ‘The fo l lowing  s k e t c h  s!-tows how i n t e r v e n i n g  
t u r b u l e n c e  c l o s e r  t o  one p o i n t  t h a n  a n o t h e r  causes  d i s p a r a t e  
a n g u l a r  s c i n t i l l a t i o n .  

T h e i r  f i n L i n g s  from 
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I n  t h e  above diagram I1 and I2 r e p r e s e n t  t h e  r e s p e c t i v e  s o u r c e  

i m a q e  d i sp l acemen t s  observed by t h e  d e t e c t o r s .  I t  can  be 
s e e n  t h a t ,  even though t h e  r e f r a c t i o n  a n g l e s  B are  i d e n t i c a l ,  
as r e q u i r e d  by r e c i p r o c i t y  of t h e  beam p a t h s ,  t h e  a n g u l a r  
d i sp l acemen t s  a1 and a 2  are unequal .  

A s u r p r i s e  f i n d i n g  of  GSFC from t h e i r  GEOS I1 s l a n t  
p a t h  tes ts  i s  t h a t  a tmospher ic  t r a n s m i s s i o n  of t h e  argon beam 
was o n l y  3 0 8  i n s t e a d  of t h e  7 5 %  expec ted .  T h i s  r e s u l t  i s  n o t  
unders tood  q u a n t i t a t i v e l y ;  b u t ,  sipce t h e  tes ts  w e r e  performe2 
i n  t h e  Washincjton, D .  C .  a r e a ,  s c a t t e r i n q  by a tmospher ic  
p o l l u t a n t s  appea r s  t o  be  t h e  l i k e l y  c u l p r i t . *  GSFC has  
a l s o  conducted s t e l l a r  image monitor  t es t s ,  which confirmed 
t h a t  image s i z e s  ( a n g u l a r  f l u c t u a t i o n )  ?e t  l a r q c r  as a n a l e s  
f r o n  t h e  z e n i t h  qe t  larqer. 

I n  qround propagat ion  t e s t s  SSFC confirmed a few 
t h i n g s  whicli xicjht  h e  expected f r o x  e lementary  r e f r a c t i o n  
c o n s i d e r a t i o n s ;  e . g . ,  (1) the s c i n t i l l a t i o n  of C 0 2  l a s e r s  

( 1 0 . 6 ~ )  w a s  down by a f a c t o r  of 30 from t h a t  of v i s i b l e  l a s e r s ,  
hence C 0 2  i s  a b e t t e r  c a n d i d a t e  f o r  he te rodyne  communications, 
which depend on t h e  coherence p r o p e r t i e s  of t h e  beam; 
( 2 )  s p a t i a l  c o r r e l a t i o n  a c r o s s  a l .zsnr  beam goes down as t h e  
s e p a r a t i o n  between p o i n t s  i n  t h e  heard e q u i d i s t a n t  fron? t h e  
s o u r c e  i n c r e a s e s ,  and ge ts  worse as t u r b u l e n c e  worsens;  and 
( 3 )  t h e r e ' s  n e g l i g i b l e  d i f f e r e n c e  i n  t h e  s c i n t i l l a t i o n  per -  

formance of argon (4836A) anci BelJe  (62387~) lasers ,  i n  c o n t r a s t  
t o  t h e  c o n s i d e r a b l e  d i f f e r e n c e  between these  and C 0 2  a t  10.611. 

R o t  s o  mdch t h a t  t h e y  confirm t h e  expec ted  q u a l i t a t i v e  
e f f e c t s ,  b u t  t h a t  t h e y  provide  a q u a n t i t a t i v e  t e s t  of t h e  
b a s i c  t h e o r y .  The tests have a l s o  provided  GSFC w i t h  proven 
i n s t r u m e n t s  and t echn iques  f o r  s t u d y i n g  s c i n t i l l a t i o n .  
: lopefu l ly  t h e  d a t a  can b e  e f f e c t i v e l y  a p p l i e d  i n  a s s e s s i n g  
t h e  p r o s p e c t s  f o r  space  communications. 

0 0 

The s i g n i f i c a n c e  of t h e s e  t e s t s ,  of c o u r s e ,  i s  

* A s  w i t h  t h e  r e f r a c t i o n  due t o  t u r b u l e n c e ,  s c a t t e r i n g  
c a u s e s  a d i s p a r i t y  between upgoing and downgoing beam d i s -  
p lacements .  The s c a t t e r i n g  i s  i n t o  s m a l l  forward a n g l e s  and 
t h e  beam sp reads  f a r t h e r  i n  go ing  up t h a n  i n  going down, 
s i n c e  t h e  s c a t t e r i n g  agen t s  are c l o s e r  t o  t h e  ground. 
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THE BALLOON EXPERIMENT 

The GSFC b a l l o o n  t e s t s  a r e  planned i n  t h e  same v e i n  
a s  t h e  s a t e l l i t e  tests.  The b a l l o o n  borne  d e t e c t o r  (no 
l a s e r )  and t e l e m e t r y  package would weigh abou t  1 0 0  pounds. 
Fol lowing t e t h e r e d  b a l l o o n  t e s t s  of t h e  f i r s t  few thousand 
f e e t ,  4 b a l l o o n s  would be launched i n  a c lear  a i r  r e g i o n  
(Texas)  t o  an a l t i t u d e  of 80,000 f e e t .  A r e t r o r e f l e c t o r  

would a l s o  be c a r r i e d  f o r  t r a c k i n g  purposes .  The ground 
system would c o n s i s t  of  a s i n g l e  laser w i t h  i t s  beam s p l i t  
and d i r e c t e d  t o  e q u i d i s t a n t  m i r r o r s  of v a r i a b l e  s e p a r a t i o n .  
The s p l i t  beams are chopped i n  a manner s u i t a b l e  f o r  a n a l y s i s  
and t h e n  d i r e c t e d  t o  t h e  b a l l o o n  a long  e q u i d i s t a n t  p a t h s ,  
r e q u i r i n g  t h e  b a s e l i n e  t o  be p e r p e n d i c u l a r  t o  t h e  l i n e  of 
s i g h t .  The f o l l o w i n g  s k e t c h  i l l u s t r a t e s  t h i s .  

LOW LEVEL 
TURBULENCE 

HIGH ALTITUDE 
TURBULENCE 

C o r r e l a t i o n  of t h e  beam parameters  would be checked 
as a f u n c t i o n  of m i r r o r  s e p a r a t i o n  f o r  two laser wavelengths :  

X e N e  (6238A), and C 0 2  ( 1 0 . 6 ~ ) .  T o  g e t  an a l t i t u d e  p r o f i l e  
of t h e  t u r b u l e n c e ,  t h e s e  tests as w e l l  a s  m e t e o r o l o g i c a l  
measurements would a l s o  be made a s  t h e  b a l l o o n  ascends .  

0 
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COlJCLUS IONS 

Something of i n t e r e s t  can  p robab ly  be l e a r n e d  from 
bo th  proposed a tmospher ic  p ropaga t ion  tes ts .  The b a l l o o n  
o f f e r s  more s t a b l e  p a t h s ,  complete p r o f i l e  measurements, and 
longe r  o b s e r v a t i o n  t i m e s ,  b u t  no a i r b o r n e  laser .  The p l a n e  
o f f e r s  h i g h e r  a i r b o r n e  payloads and p o s s i b l e  f u r t h e r  e x p e r i -  
ments a t  minimum r e c u r r i n g  c o s t s ,  b u t  more p r o b l e m  w i t h  
s e p a r a t i n g  wanted from unwanted e f f e c t s .  Both programs have 
comparable t i m e  s chedu les  (pre-ATS-F). The p l a n e  program fo r  
< $ 3 0 0 K  does  n o t  appear  expensive.  Cos t  f i g u r e s  f o r  t h e  
b a l l o o n  program were s t a t e d  t o  be  t h e  same o r d e r  of  magnitude. 
Ti'he p r i n c i p a l  q u e s t i o n  i n  t h e  w r i t e r s '  nlinds i s  whether  t h e  
i n f o r m a t i o n  g a t h e r e d  w i l l  be c l e a r l y  a p p l i c a b l e  t o  deep  
space  laser communications. 
enhance l  if tests  s i x t i l a r  t o  t h o s e  planned here could  be  
run  c o n c u r r e n t l y  w i t h  t h e  ATS-F tes ts  and a c lear  c o r r e l a t i o n  
between t h e i r  r e s u l t s  were found t o  e x i s t .  Plear.while the 
proposed tes ts  would be  rrtost u s e f u l  i n  t h e i r  own r i g h t  as 
p a r t  of a methodica l  program a i m e d !  a t  a fundamental  unders tanding  
of t h e  r e l e v a n t  p r o c e s s e s .  

- 

The l i k e l i h o o d  of t h i s  would be 

1015-SLp-rghe WG S .  L.  Penn 
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